To assess the incidence and timing of atrial fibrillation (AF), describe antithrombotic therapy use, and evaluate the association of AF with 90 day mortality and other secondary clinical outcomes.
Introduction
Atrial fibrillation (AF) is a common complication of myocardial infarction (MI) with an incidence of between 5 and 23%. 1 -4 It is associated with worse in-hospital and long-term outcomes and more in-hospital complications. 4 -7 Although antithrombotic therapy is important in the treatment of patients with both AF and MI, 8 -10 the combination of different classes of drugs such as aspirin, thienopyridines, and vitamin K antagonists increases the risk of bleeding. 8 Guidelines recommend the use of aspirin, clopidogrel, and warfarin [with target international normalized ratio (INR) 2.0 -2.5] after stenting for patients with acute coronary syndromes and with indication for oral anticoagulation for the shortest period of time. 11, 12 However, little is known about how these drugs are currently used and about the risks and benefits of using these drugs when AF occurs in patients with ST-segment elevation MI (STEMI) treated with primary percutaneous coronary intervention (PCI).
The primary objectives of this study in STEMI patients treated with primary PCI were to (i) assess the incidence and timing of AF, (ii) describe the use of antithrombotic therapy according to the presence or absence of AF and the CHADS 2 risk score, 13 and (iii) evaluate the association of AF with 90 day mortality to determine whether this association is maintained after controlling for baseline and in-hospital covariates. In addition to this analysis, we also looked at associations between AF and other clinical outcomes.
Methods
We conducted these analyses using the Assessment of Pexelizumab in Acute Myocardial Infarction (APEX-AMI) trial database.
The rationale and design of the APEX-AMI trial has been previously published. 14, 15 In brief, APEX-AMI was a randomized, double blind, placebo-controlled trial comparing the effect of pexelizumab (an inhibitor of complement) with placebo. The primary outcome was allcause 30 day mortality in 5745 patients with STEMI treated with primary PCI. This multicentre trial involved 17 countries and 296 sites. Patients were enrolled from 2004 to 2006. Patients were deemed eligible for the study if they were at least 18 years of age and presented for primary PCI with symptom onset within 6 h with high-risk MI with electrocardiographic characteristics. Exclusion criteria included prior treatment with fibrinolytic therapy, isolated inferior MI, pregnancy or breastfeeding, complement deficiency or active serious infection, or other serious medical conditions limiting survival. Institutional review boards of participating medical centres approved the APEX-AMI protocol and all patients gave written informed consent. Atrial fibrillation at baseline and discharge was defined as an irregular rhythm with lack of discernible P waves on the electrocardiogram (ECG) assessed by a central core lab at presentation and prior to discharge. Atrial fibrillation was also collected on the case report form under a list of clinical events experienced from the time of randomization through hospital discharge or day 14, whichever came first; this is classified as AF as a complication. In this study, new onset AF was defined as the occurrence of AF as an in-hospital complication, in the absence of AF at baseline. The day of AF onset is the day when AF is first observed as an in-hospital complication.
Statistical methods
We present descriptive statistics for baseline covariates among the different classifications of AF. Continuous variables are expressed as the median and 25th and 75th percentiles; discrete variables are expressed as percentages. P-values are provided for a non-parametric Wilcoxon rank-sum test for a difference in the distribution of baseline covariates between patients with new onset AF compared with no AF.
Our principle goals were to assess the incidence and timing of AF, describe antithrombotic therapy use, and evaluate the association of AF with 90 day mortality. We estimated the prevalence of AF at baseline by the proportion of 5745 patients who had AF at baseline. Prevalence of AF at discharge was calculated based on the proportion of patients with AF at discharge among those patients who had a discharge ECG. We describe the incidence of new onset AF in two ways. First, we report the proportion of 5745 patients who developed new onset AF in the hospital with confidence intervals (CIs). Second, to account for differing time in-hospital, we also report the incidence rate, or the number of occurrences of new onset AF per 1000 patient days at risk. We report the median along with 25th and 75th percentiles for days until the occurrence of new onset AF, length of hospital stay, and time from symptom onset to randomization. We include the empirical cumulative distribution function of the time until new onset AF to illustrate the timing when new onset AF was observed to occur. Finally, we describe the treatment of patients in our sample by the proportion of patients in various treatment categories.
Accounting for a potentially complex set of confounding variables, including multiple time-dependent covariates, we assessed the relationship between 90 day mortality and new onset AF. Patients experienced a variety of procedures and complications during their initial hospitalizations that may be associated with both AF and mortality. We used the landmark analysis to evaluate the association between AF and 90 day mortality while controlling for baseline and in-hospital variables. 16 This involved fitting a Cox model using only patients who had survived to the end of a landmark period. We fit separate models for the landmark times of 0, 1, 2, 3, and 4 days. In each model, covariates were included that occurred up to the end of a landmark period. We also aggregated the results for an overall fit using a Cox proportional hazards model. Our threshold for statistical significance of new onset AF was alpha ,0.05. We used forward selection to choose important covariates at landmarks 0, 1, and 4, where the criteria to be included in the model was alpha ,0.05. The inclusion of covariates with lesser statistical significance had virtually no effect on the estimated coefficient for AF. Therefore, we felt that we had sufficiently accounted for confounding variables available in our data set. The potential variables considered for inclusion were all baseline characteristics ( Table 1 ) as well as procedures (intra-aortic balloon pump, automatic implantable cardioverter defibrillator, PCI, cardiac surgery, red blood cell transfusions, re-catheterization, re-PCI, and stents) and complications (moderate or severe bleed, congestive heart failure, shock, cardiac arrest, deep vein thrombosis, acute ventricular septal defect, recurrent MI, recurrent ischaemia, renal failure, pulmonary embolism, stroke, cardiac tamponade, ventricular fibrillation, ventricular tachycardia, ventricular rupture, pericarditis, acute mitral regurgitation, asystole, and acute atrioventricular block). Any covariates selected at either landmark 0, 1, or 4 were then included in the final landmark analysis at all landmark times, and values for in-hospital complications and procedures were updated at the beginning of each landmark period. The benefit of conducting a landmark analysis is that we could update the many timevarying covariates at each landmark time.
We recognize that our model building techniques may have identified variables with less certainty of true associations than a validated model. To assure our results were not sensitive to our choice of covariates, we repeated the landmark analysis using covariates that have been previously established and validated in the GUSTO-I STEMI population. 17 The predictor variables in this model were similar to the set used in our study, including baseline patient descriptors, ECG variables, and in-hospital complications. Continuous variables were tested for linearity by comparing the fit of linear models with more flexible linear spline models. When this identified non-linear relationships, these variables were included in the landmark analysis using linear splines. All covariates selected for the final model, as well as new onset AF, were checked for proportional hazards by testing for an interaction with time at both landmarks 1 and 4. No significant deviations from the proportional hazards assumption were observed. We considered the possibility of association between 90 day mortality and AF at baseline or discharge. Baseline AF was included in the landmark analysis. In order to consider AF at discharge, it was necessary to subset on the patients who survived to hospital discharge. There were too few deaths in this group to conduct an adjusted analysis.
A Cox proportional hazards model was used to evaluate associations between new onset AF and secondary outcomes (clinical endpoints and in-hospital complications). In these models, new onset AF was included as a time-dependent covariate. The models for 90 day clinical outcomes are adjusted for baseline covariates that were significant in the baseline 90 day mortality model. The models for in-hospital complications are unadjusted.
Results
All 5745 patients were included in this analysis ( Figure 1 ). Three had missing baseline and pre-discharge ECGs. In 11% of the patients (634/5745), AF occurred at some time during the hospitalization. Atrial fibrillation prevalence at baseline and at discharge was 4.8% (CI 4.3 -5.4%) and 2.5% (CI 2.1 -2.9%), respectively. The proportion of 5466 patients without AF at baseline who developed new onset AF was 6.3% (CI 5.6 -6.9%). This corresponded to 9.3 cases of new onset AF per 1000 patient days at risk. Among patients who developed new onset AF and survived until discharge, the prevalence of AF at discharge was 5.3%.
Timing of atrial fibrillation
The distribution of the categories of AF is shown in Figure 1 . The timing of new onset AF is illustrated in Figure 2 , showing the cumulative distribution of the time until AF among patients observed to have new onset AF. This can be interpreted as the percentage of patients having experienced AF by a given number of days in hospital. The median number of days from randomization to new onset AF was 1.4 (0.24, 2.5). The median length of hospital stay in patients who developed new onset AF was 6 (4, 8) days vs. 5 (3, 7) days in those who did not. The median time from symptom onset to randomization was 3.1 (2.2, 4.2) hours in those patients who developed new onset AF compared with 2.8 (1.9, 3.9) hours in those who did not. Approximately 90% of the episodes of new onset AF occurred before 4 days following randomization (Figure 2 ).
Baseline characteristics
The baseline characteristics according to the time of AF are shown in Table 1 . When compared with patients without AF, patients with new onset AF were older, more often female, had lower systolic and diastolic blood pressures, were more often Killip class III and IV, had more anterior infarction, more prior history of congestive heart failure, diabetes, stroke, hypertension, less current smoking, and higher biomarkers such as creatine kinase (CK), CK-MB, troponin, and brain natriuretic peptide (BNP). 
Antithrombotic therapy
The antithrombotic therapy at discharge according to the timing of AF is shown in Table 3 . Patients with new onset AF received more warfarin, less aspirin, and less clopidogrel when compared with patients without new onset AF. Patients with new onset AF received more aspirin alone, clopidogrel alone, and warfarin alone when compared with those patients without new onset AF. Patients with new onset AF also received more triple therapy with aspirin, clopidogrel, and warfarin. Of all patients with AF at discharge, only 43.4% (59/136) received warfarin and 27.2% (37/136) received triple therapy.
Patients with drug-eluting stents received more warfarin (7.7%) and more triple therapy (6.7%) when compared with patients who were treated with bare-metal stents (4.7 and 4.0%, respectively).
Among all patients with coronary stents, 5.1% were discharged on triple therapy (aspirin, clopidogrel, and warfarin). Patients with AF at baseline and drug-eluting stents received more triple therapy (22%) when compared with patients with drug-eluting stents without AF at baseline (6.0%). A similar pattern of more triple therapy was seen for patients with AF at baseline treated with bare-metal stents. The same pattern was seen in patients who developed new onset AF.
The use of antithrombotic therapy according to AF at discharge and type of stent is shown in Table 4 . Among patients treated with drug-eluting stents, 48.7% of patients with AF at discharge received triple therapy compared with only 6.0% of patients without AF at discharge. Patients with AF and bare-metal stents received more triple therapy (19.7%) than those without AF (3.6%), but less than those with AF and drug-eluting stents (48.7%).
Antithrombotic therapy by CHADS 2 score
The use of antithrombotic therapy in patients with AF at discharge according to the CHADS 2 score assessed at discharge is shown in Figure 3 . According to the CHADS 2 score, the use of triple therapy decreases with increasing risk of stroke. Likewise, the use of any warfarin, aspirin, or clopidogrel decreases with increasing Figure 1 Timing of AF from randomization to discharge, including patients who died while hospitalized. New onset AF was defined as AF as a complication in the absence of AF at baseline. AF, atrial fibrillation; ST-segment elevation myocardial infarction, ST-segment elevation myocardial infarction. Antithrombotic therapy and outcomes of patients with AF CHADS 2 score. These results were similar even after excluding patients from the analyses who had any in-hospital bleeding, and including patients who had any AF (baseline, new onset, or discharge) during the hospitalization.
Outcomes
After adjusting for all baseline variables, in-hospital complications, and procedures, new onset AF was associated with higher 90 day mortality at all time points in the landmark analyses (Figure 4) . The overall 90 day mortality adjusted HR is 1.81 (95% CI 1.06-3.09; P ¼ 0.029). Using the alternative GUSTO-I covariates, the overall 90 day mortality adjusted HR is 1.84 (95% CI 1.13-3.02; P ¼ 0.016).
After adjusting for baseline covariates, new onset AF was also associated with other outcomes at 90 days such as death or stroke, congestive heart failure, death or heart failure, shock, and death or shock ( Table 5) .
Other in-hospital complications
Patients with new onset AF experienced more moderate or severe in-hospital bleeding (13.8%) when compared with patients without AF (4.6%). Of those patients with new onset AF who bled in-hospital, 7.9% (27/340) bled after developing AF and 5.9% (20/ 340) bled before developing AF. Accounting for the timing of AF, patients with new onset AF were more likely to experience in-hospital bleeding (adjusted HR 2.47; 95% CI 1.45-4.20; P ¼ 0.0008). However, after excluding patients who underwent CABG surgery from the analyses, the higher risk of bleeding with new onset AF was no longer statistically significant (adjusted HR 1.95; 95% CI 0.93-4.09; P ¼ 0.07).
New onset AF was associated with more in-hospital complications such as ventricular tachycardia (HR 6.4; 95% CI 3.5 -11.5), ventricular fibrillation (HR 3.7; 95% CI 1.88-7. complications, we analysed the relationship using AF as a timedependent covariate, such that we excluded AF occurring after the complication.
Antithrombotic therapy and outcomes
The use of warfarin in patients with AF at discharge corresponded with slightly lower rates of 90 day mortality and stroke when compared with patients who did not receive warfarin. The rate of 90 day mortality was 3.4% (95% CI 0.4 -11.7) in patients who received warfarin at discharge compared with 3.9% (95% CI 0.8 -11.0) in those who did not receive warfarin. The same pattern was observed for stroke at 90 days, with rates of 3.4% (95% CI 0.4 -11.7) and 5.2% (95% CI 1. therapy and 90 day mortality and stroke. The rate of 90 day mortality was 0.0% (95% CI 0.0 -9.5) in those patients who received triple therapy at discharge compared with 5.1% (95% CI 1.7 -11.4) in those who did not receive this therapy. The same pattern was observed for stroke at 90 days, the rates were 2.7% (95% CI 0.1 -14.1) and 5.1% (95% CI 1.7 -11.4), respectively.
Discussion
This is one of the largest studies to examine AF and its timing (baseline, new onset, and discharge) and to describe the associated use of antithrombotic therapy in patients with acute MI treated with primary PCI. An important feature of this study is that we performed a comprehensive analysis, adjusting for all possible baseline characteristics, in-hospital complications, and procedures, to assess the independent relationship of new onset AF with 90 day outcomes.
We found that the proportion of STEMI patients who developed new onset AF was 6.3%; this is similar to previous reports. 1 -4 In both prior reports and the current study, of those patients who had AF at some time during the hospitalization (i.e. at baseline or new onset), most had new onset AF. In our study, 14% of the patients who were noted to have AF as a complication also had AF at baseline; thus, this was not new onset AF, but a worsening status of a pre-existing AF. A previous study has shown that the overlap between AF as a complication and AF at baseline was about 18%. 4 This underscores that when AF is noted as a clinical complication, it is generally, but not always, new onset AF. In addition, new onset AF occurs early in the hospital course with 88% occurring within 4 days of admission ( Figure 1) . Patients with AF are usually sicker, have more risk factors, more comorbidities, and experience more in-hospital complications. Therefore, there are important confounding factors that must be accounted for when assessing the association of new onset AF with short-and long-term outcomes. For example, while new onset AF is associated with higher risk of bleeding even after accounting for timing of bleeding and after excluding patients undergoing CABG surgery, the relationship is weaker and no longer statistically significant after excluding patients undergoing CABG surgery.
The fact that most prior studies do not have the timing of AF is another limitation to precise determination of the association of AF and outcomes. 7, 18 Thus, it has been unclear to what extent AF after MI is a marker of risk for worse outcomes vs. a predictor of subsequent worse outcomes. Our study allowed us to dissect this further with landmark analyses to account for the biases due to the timing of the AF, survival bias, and potential confounders including in-hospital complications and procedures. We have been able to show that even after this type of adjustment, new onset AF remains associated with 90 day mortality. In this study, patients with new onset AF received more antiarrhythmic drugs when compared with patients without AF. In patients who developed new onset AF and underwent CABG surgery, the AF occurred after CABG surgery approximately 80% of the time. This accounted for 10% of overall new onset AF.
Antithrombotic therapy is indicated for the treatment of both STEMI and AF. 19 -21 However, for patients with STEMI and AF, the use of combinations of these drugs may significantly increase the risk of bleeding. 21 In a meta-analysis, Rothberg et al. 8 showed that the combination of aspirin and warfarin for patients with MI reduces mortality compared with the use of aspirin alone; however, bleeding rates are higher. Stenestrand et al. 10 showed in an observational study that patients with AF and MI who received warfarin and a platelet inhibitor had lower 1 year mortality compared with those who received aspirin alone. They also showed that only 30% of the patients with AF and acute MI received oral anticoagulation therapy at discharge. Our results are similar, 43.4% of patients with AF at discharge received oral anticoagulation, and extend these observations by describing the use of several different combinations of antithrombotic therapy according to the presence or absence of AF and presence and type of stent. Among patients with AF at discharge who received bare-metal stents, 27% received warfarin compared with 64% of those with drug-eluting stents and 61% of those with no stents. Of interest, only 49% of the patients with AF at the time of discharge and drug-eluting stents received triple therapy; 33% were treated with aspirin and clopidogrel only. Approximately 20% of the patients with AF and bare-metal stents received triple therapy at discharge and 65% were on aspirin and clopidogrel alone. In a small study, Ruiz-Nodar et al. 22 have shown that of the patients with chronic AF who undergo PCI, 55% are treated with triple therapy, and of patients with paroxysmal AF, 41% were discharged on triple therapy. Lip and Karpha 23 also demonstrated that among patients with AF undergoing PCI, the rates of aspirin plus clopidogrel and of triple therapy at discharge were around 70 and 20%, respectively. Similarly, our study of primary PCI shows heterogeneity of practice regarding the use of antithrombotic therapy at discharge in this high-risk AF population. The current AF guidelines recommend the use of warfarin for patients with a CHADS 2 score 2 as a class IA recommendation. We showed that among patients with AF at discharge, warfarin use was paradoxically inversely related to the CHADS 2 score. We similarly showed that the use of triple therapy at discharge decreases as the CHADS 2 score increases. The use of triple therapy was still less with higher CHADS 2 score, excluding patients with in-hospital bleeding, so higher risk of bleeding with higher CHADS 2 may not completely explain the lower use.
Importantly, the observed practice of patients at higher risk of stroke being less likely to receive warfarin is contrary to current ACC/AHA/ESC AF guidelines recommendations. 20 The current guidelines recommend triple therapy for patients with STEMI and AF, but for the shortest duration possible, with a lower target INR, and with clinical judgment of assessing risk and benefit. 20 The treatment-risk paradox we observed regarding warfarin use highlights the need for better understanding of antithrombotic therapies in patients with STEMI and AF, including the balance of risk of bleeding and risk of stroke with combination therapies. Finally, we observed a pattern of lower rates of 90 day mortality and stroke among patients who received warfarin and triple therapy at discharge, although this is also a lower risk population and the number of events was small.
Study limitations
One limitation of this study is that it was an observational study in which one cannot prove cause and effect between AF, its treatment, and worse outcomes. Although we have adjusted for all available candidate variables, we cannot account for unmeasured variables. The duration of hospitalization varied across patients, such that the observed period during which a patient could have developed new onset AF also varied. The duration of use of antiplatelet agents as well as warfarin after discharge is of great interest. Unfortunately, we did not collect this information. We also did not collect information on post-discharge bleeding, post-acute phase blood pressure control, and we do not have information about specific in-hospital treatment of new onset AF. In addition, NT-proBNP measures were missing in most patients. Thus, we could not include BNP as a covariate in the mortality models. Finally, we did not collect information on concomitant drugs other than antithrombotic, antiarrhythmic, and rate control medications.
Conclusions
In STEMI patients, AF prevalence at admission and at discharge was 4.8 and 2.5%, respectively. The proportion of patients who developed new onset AF was 6.3% and was independently associated with 90 day mortality and other long-term outcomes such as shock and congestive heart failure. Most of the patients who had AF at discharge did not receive oral anticoagulation therapy. In a large contemporary STEMI population treated with primary PCI, our study shows that new onset AF is an independent marker of 90 day mortality and is associated with other adverse outcomes. This illustrates the need for a randomized trial of antithrombotic therapy in patients with MI complicated by AF. 
